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Abstract

Dissertation work — “Improvement of Radial Forging Technology and
Appliances of Axisymmetric Workpieces” - is presented in a typed (175) pattern and
includes introduction, literature review, results and their discussion, conclusion and
bibliography.

The introduction involves substantiation of the topic actuality, the status of
studying it, research objectives and tasks, methodological grounds, scientific novelties,
obtained in the framework of the thesis, theoretical and practical significance of the
work.

Widespread use of the severe plastic deformation (SPD) method on the radial
forging machines is a considerable advance in the field of high-pressure torsion
(HPT). The radial forging method provides high accuracy of metal work pieces, is
characterized by high throughput and significant savings of metals.

Using the radial forging method is especially advantageous in mechanical
engineering, particularly in automotive engineering, petroleum equipment
construction and many other fields, in order to process the complex shaped, long
sized, axis symmetric details. Such details include stepped shafts and axes, cone-
shaped and grooved details.

Despite of the conspicuous achievements in this field, according to the
scientific technical and patent literature review, the radial forging technology and
constructions of its appliances require further improvement and is extremely
important task, which leads to the actuality of this thesis.

The first section of the dissertation — literature review — provides the analysis
of the works about radial forging problems, its technology and appliances, carried out
by foreign and Georgian scientists.

The second part of the thesis includes the following paragraphs: “theoretical
investigation and improvement of kinematic parameters of radial-forging machines”,
“elaboration of methodology for determining the force parameters of the radial
forging process”, “calculation of the deformative force (workipiece D20)”,
“experimental investigation of radial cogging torque”, “analysis of the construction of
radial-forging machines”, “elaboration of a new construction for radial-cogging
machine”, “determining the impact forces in the deformation zone of the radial-
forging machine”.

The thesis encompasses a theoretical investigation of the kinematic
parameters of radial-forging process and radial-forging machine. In order to provide
normal, dynamic modes for the radial-forging machines, balanced movement of their
mobile parts should be achieved. With regard to this issue, the thesis discusses
conditions, required for the balanced, rotary movement of the eccentric shaft in the
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wedge & lever-type radial-forging machine drive. It is known that vibrations,
oscillations, strokes and other negative effects are reduced in such conditions.

The next basic problem, discussed in this thesis, is elaboration of the method
for radial-forging force prediction. For this reason, geometrical parameters of the
deformation zone are defined during the radial forging process. In order to calculate
the width of deformation zone during radial forging, we can use a formula, created for
the transverse helical rolling process, if rolling of a tube is carried out in four rolls. By
means of a simple formula, we can calculate the contact space for any amount of heads
during forging process. Moreover, accuracy of calculations thoroughly satisfies the
needs of engineering tasks. There are some formulas for determining the mean contact
pressure, considering the effect of deformation in external zones and friction between
the work piece and tool.

The thesis includes an experimental investigation of radial cogging torque on
an exclusively designed and fabricated experimental device. By means of a standard
test press of this device, forces, acting on cylindrical lead samples were studied on
different modes of radial deformation. The results of the trial is given in diagrams,
which show the growth of cogging torque while filling the deformation zone with
metal.

According to the analysis of the obtained diagrams radial forging force is
increased relatively slowly and then gradually achieves the established process force.
As shown by the experiment, the investigating factors — work piece diameter and
diametrical cogging — have approximately equal effects on radial cogging torque,
which can be easily demonstrated by trial result comparison. As for the third factor,
growth of the deforming tool operating angle from 4°36¢ to 8°caused enhancement
of the press force 1.75 times for the work piece D20 and 1.85 times for D24, as
expected.

Mathematical modeling of the experiment allowed us to build a formula for
calculating the radial cogging torque by analytical method for any sample size, on
different deformation modes.

In the framework of the dissertation, the radial forging technology of axis
symmetrical details is elaborated. In the example of a long-sized axis symmetrical
detail with complex-shaped inner surface, the method of technological mode and tool
calculation is presented, by which rational parameters of technological tools — heads
and mandrels - are defined. It is extremely important for improvement of the
technological process.

The dissertation includes the analysis of modern radial-forging machine
constructions, on the basis of which a new radial-cogging machine is elaborated.
Sakpatenti has made a positive decision to grant the patent right — order N°932/01 on
the application NeAP 2015 014011 /22/, (3.11.2016). The technological possibilities of
the machine are significantly increased in comparison with its analogues.
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There has been built a formula, calculating the stroke forces during axis
symmetric forging process. According to the analysis of the formula, the maximum
value of stroke forces is proportional to the kinetic energy of mobile parts of the
radial-cogging machine and is defined by physical-mechanical and geometrical
characteristics of the machine tool and work piece, reduced mass of colliding bodies
and the rate of mobile parts of the machine.

The obtained results are given in the conclusion of the thesis.
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